We report recent progress and new developments of acousto-optic imaging spectrometers and spectropolarimeters for astronomical observations. Prototype performance of hyperspectral visible-to-near-UV and visible-to-near-IR imaging systems is demonstrated. Wide-angle acousto-optic paratellurite monochromators were designed and fabricated. The problem of artifacts in spectral images of celestial objects is studied.
Introduction
Since the invention of acousto-optical tunable lters 
Dierent concepts of AOTF design
It is well known that non-collinear AOTFs suer from lateral chromatic aberration that is intrinsic to anisotropic Bragg diraction [6] . A solution to this problem was found as a tilt angle of the output facet of the beam is parallel to the incident one [5] . This compensation of image shift can be performed for one output polarization only, either for ordinary or for extraordinary.
For the orthogonal polarization, the image shift increases.
For that reason, AOTFs for spectropolarimetric imaging are usually designed with parallel optical facets [4, 7] , as shown in Fig. 2b . As an alternative to these two AOTF designs, we propose an AOTF with enhanced angular dispersion. Thus a greater spatial separation of diraction by the transmission function side-lobes can be obtained ( Fig. 2c ).
Precise control of ghosts, i.e. unwanted transmitted spectral components of input emission, is a key to obtaining reliable observation results with spectral instruments. 3) A spectral imager with high angular dispersion can be eective for eliminating ghost images in observations of the objects with discrete emission spectra. The necessary amount of angular dispersion must be correlated with the size of the observed object and its spectrum:
the separation of images obtained in the neighboring emission lines must be greater than the size of the object.
Demonstration of the inuence of angular dispersion on the performance of the AOTF-based spectrometer is provided in Fig. 3 using a stellar image. The intensity dis- As an object for observations we have chosen NGC 7662 Blue snowball nebula [10] . In Fig. 4 
Aberration issues
Another problem in obtaining diraction-limited quality of images at the output of AOTFs consists in dierent aberrations. Longitudinal chromatic aberrations are caused by the dispersion of refractive indices of acoustooptic crystals [9] . Without special care of the problem, that type of aberrations results in defocusing of the image while tuning the transmitted optical wavelength [11] . Accurate analysis of interaction geometry in AOTFs shows that image distortions take place during anisotropic Bragg diraction [12] . In this paper, our attention is focused on a dierent type of aberrations in AOTF-based imaging spectrometers that was not studied before, namely on astigmatism. The problem of correction for astigmatism was addressed briey in Ref. [1] for collinear AOTFs only.
In noncollinear AOTFs with non-critical phase matching, the diracted beam in the crystal changes its direction. The inclination of the beam can be compensated with a special tilt angle of the output crystal facet; however in general, the diracted beam at the output of the AOTF changes its direction. As a result, axial symmetry of the optical system is violated, and the diraction plane becomes a special direction for the optical system of the imaging spectrometer. Thus, from the point of view of geometrical optics, an AOTF can be approximated as a prism, which inevitably causes astigmatism. Compensation for that astigmatism in such systems can be made using passive optical elements, e.g. prisms, tilted plates, or cylindrical lenses.
Summary
In the paper, we observed the artifacts in conventional acousto-optical imaging spectrometers and proposed a new concept of acousto-optic imaging spectrograph for observation of astronomical objects with discrete spectra. The prism at the output of the AOTF increases the angular dispersion of the Bragg diraction. Thus it is possible to separate the ghost spectral images.
